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ARRANGEMENT AND METHOD FOR
PRODUCING A THREE-DIMENSIONAL
PRODUCT

[0001] This application is a Divisional of co-pending appli-
cation Ser. No. 10/539,591 filed on Jan. 17, 2006, which is a
National Phase of PCT International Application No. PCT/
SE03/01938 filed on Dec. 12, 2003. The entire contents of all
of'the above applications is hereby incorporated by reference.

TECHNICAL FIELD

[0002] The invention relates to an arrangement and a
method for production of a three-dimensional product by
successive fusing together of selected parts of powder layers
applied to a work table.

BACKGROUND ART

[0003] An arrangement for producing a three-dimensional
product by successive fusing together of selected parts of
powder layers applied to a work table is previously known
from, for example, U.S. Pat. No. 4,863,538. The arrangement
comprises a work table on which said three-dimensional
productis to be builtup, a powder dispenser which is arranged
s0 as to distribute a thin layer of powder on the work table for
forming a powder bed, a radiation gun for delivering energy to
the powder, fusing together of the powder then taking place,
means for guiding the beam emitted by the radiation gun over
said powder bed for forming a cross section of said three-
dimensional product by fusing together parts of said powder
bed, and a control computer in which information about suc-
cessive cross sections of the three-dimensional product is
stored. The three-dimensional product is built up by fusing
together selected parts of successive powder layers applied.
The control computer is intended to control deflection means
for the beam generated by the radiation gun over the powder
bed according to an operating scheme which reproduces a
predetermined pattern. When the operating scheme has fused
together a desired area of a powder layer, a cross section of
said three-dimensional product has been formed. A three-
dimensional product is formed by successive fusing together
of successively formed cross sections from powder layers
applied successively by the powder dispenser.

[0004] An arrangement for producing a three-dimensional
product where measurement of the surface structure and the
surface temperature of the three-dimensional body produced
is permitted during the manufacturing procedure is known
from SE 0001557-8. By using the arrangement described
therein, increased correspondence of the shape of the three-
dimensional bodies produced in relation to the intended shape
is made possible.

[0005] In order to meet industrial requirements in the
manufacture of three-dimensional models, it is important to
achieve a sufficiently high manufacturing rate. This is espe-
cially the case if an arrangement as described above is to be
used for series production. Attempts have been made using
increased sweep speed with a corresponding increase in
power of the beam. In the process for manufacturing the
three-dimensional products, however, it has been found that
surface stresses in the manufactured product give rise to shape
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deviations and also internal stresses in the product which can
give rise to the initiation of crack formation.

BRIEF DESCRIPTION OF THE INVENTION

[0006] One object of the invention is to provide a method
for production of three-dimensional bodies where the manu-
facturing process for the three-dimensional body can be ren-
dered more effective for reduction of manufacturing times.
This object is achieved by a method for production of three-
dimensional bodies by successive fusing together of selected
areas of a powder bed, which parts correspond to successive
cross sections of the three-dimensional body. An embodiment
of such a method may include the steps of: application of
powder layers to a work table, supplying energy from a radia-
tion gun according to an operating scheme determined for the
powder layer to the selected area within the powder layer, and
fusing together that area of the powder layer selected accord-
ing to the operating scheme for forming a cross section of the
three-dimensional body. A three-dimensional body may thus
be formed by successive fusing together of successively
formed cross sections from successively applied powder lay-
ers. Further embodiments of such a method may employ
energy supply paradigms and/or operating schemes such that
the selected area has two or more fusion zones which propa-
gate simultaneously through the selected area when forma-
tion of a cross section of the three-dimensional body takes
place.

[0007] By virtue of, in a method for production of three-
dimensional bodies, where a selected area corresponds to a
cross section of the finished product, using two or more fusion
zones which propagate simultaneously through the selected
area when formation of a cross section of the three-dimen-
sional body takes place, rendering manufacture more effec-
tive is made possible.

[0008] In a first preferred method, said two or more fusion
zones are created by a radiation gun supplying energy to two
geometrically separate focal points while time sampling takes
place.

[0009] Inanother preferred embodiment, the focal points of
the radiation gun propagate at said two fusion points at a
speed which corresponds to the wave propagation speed of
the fusion zone. By means of this procedure step, it is ensured
that the risk of overheating is reduced, the end product then
having a good surface finish.

[0010] In one embodiment of the invention, the wave
propagation speed is estimated by measuring the wave propa-
gation speed of the fusion zone from information provided by
means for sensing the temperature distribution of a surface
layer located in the powder bed.

[0011] Inanalternative embodiment, the wave propagation
speed is estimated by calculating an energy balance for an
area comprising said focal points, said wave propagation
speed being obtained from a model of a thermal conductivity
equation set up for said area.

[0012] Both the proposed methods give a good idea of the
wave propagation speed, it then being possible for a feedback
system for maintaining correct propagation speed to be pro-
duced.

[0013] According to a preferred embodiment of the inven-
tion, an energy balance is calculated for each powder layer, it
being determined in the calculation whether energy fed into
the powder layer when said supply of energy from a radiation
gun according to an operating scheme determined for the
powder layer for fusing together that area of the powder layer
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selected according to said operating scheme takes place is
sufficient to maintain a defined working temperature of the
next layer, information being obtained which makes it pos-
sible to maintain a defined temperature. By maintaining a
defined working temperature, that is to say a surface tempera-
ture within a given defined temperature range, during the
production of all the layers, it is ensured that the occurrence of
surface stresses which arise when cooling of the three-dimen-
sional body is too great is reduced. This in turn leads to the
end product having a reduced occurrence of shape deviations
and also a reduced occurrence of internal stresses in the end
product.

[0014] The invention also relates to an arrangement for
producing a three-dimensional product which has features
corresponding to the method.

DESCRIPTION OF FIGURES

[0015] The invention will be described in greater detail
below in connection with accompanying drawing figures, in
which:

[0016] FIG. 1 shows a cross section of an arrangement
according to the invention,

[0017] FIG. 2 shows diagrammatically a cross section of a
three-dimensional body formed by a number of powder layers
and also a top powder layer,

[0018] FIG. 3 shows a schematic model for calculating
energy balance,
[0019] FIG. 4 shows another schematic model for calculat-

ing energy balance,

[0020] FIG. 5 shows the movement of focal points and
fusion zones over a selected surface,

[0021] FIG. 6 shows a selected area which is divided into a
set of separate areas,

[0022] FIG. 7 shows a division of the separate areas into
inner areas and edges,

[0023] FIG. 8 shows an area to be fused together, which has
an inner area and an edge,

[0024] FIG. 9 shows a set of different curve shapes with a
one-dimensional interference term,

[0025] FIG. 10 shows diagrammatically how the heat dis-
tribution appears in a body where the focal point with the
diameter D of a radiation gun has heated the body, on the one
hand in the presence of an interference term, on the other hand
in the absence of an interference term,

[0026] FIG. 11 shows an example of the movement of the
focal point in relation to movement of the focal point along
the main movement direction,

[0027] FIG. 12 shows a set of different curve shapes with a
two-dimensional interference term,

[0028] FIG. 13 showsthe movement pattern of a focal point
according to a preferred embodiment of the invention,
[0029] FIG. 14 shows the positioning of the focal points
and also a widened area within which fusing together takes
place,

[0030] FIG. 15 shows diagrammatically the movement pat-
tern for the focal point of the radiation gun according to one
embodiment of the invention,

[0031] FIG. 16 shows a view from the side of a chamber
provided with a transparent window,

[0032] FIG. 17 shows an arrangement for feeding and fix-
ing a protective film for maintaining the transparency of the
window,

[0033] FIG. 18 shows a flow diagram for an operating
scheme of the arrangement,

[0034] FIG. 19 shows a flow diagram for generating pri-
mary operating schemes,
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[0035] FIG. 20 shows a flow diagram for correction of said
operating scheme,

[0036] FIG. 21 shows diagrammatically a procedure for
generating a three-dimensional body,

[0037] FIG. 22 shows diagrammatically a procedure com-
prising correction of operating schemes with the aid of infor-
mation obtained from a camera which measures the tempera-
ture distribution over the surface of the powder bed,

[0038] FIG. 23 shows a diagrammatic construction of a
three-dimensional article, and

[0039] FIG. 24 shows a number of cross sections from FIG.
23.
[0040] FIG. 25 shows an embodiment ofa function used for

a heat transfer coefficient.

MODE(S) FOR CARRYING OUT THE
INVENTION

[0041] FIG. 1 shows an arrangement for producing a three-
dimensional product generally designated by 1. The arrange-
ment comprises a work table 2 on which a three-dimensional
product 3 is to be built up, one or more powder dispensers 4
and also means 28 which are arranged so as to distribute a thin
layer of powder on the work table 2 for forming a powder bed
5, a radiation gun 6 for delivering energy to the powder bed,
fusing together of parts of the powder bed then taking place,
means 7 for guiding the beam emitted by the radiation gun 6
over said work table for forming a cross section of said
three-dimensional product by fusing together said powder,
and a control computer 8 in which information about succes-
sive cross sections of the three-dimensional product is stored,
which cross sections build up the three-dimensional product.
In a work cycle, the work table will be lowered gradually in
relation to the radiation gun after each powder layer applied.
In order to make this movement possible, the work table is, in
a preferred embodiment of the invention, arranged movably
in the vertical direction, that is to say in the direction indicated
by the arrow P. This means that the work table starts in a
starting position 2' in which a first powder layer of the nec-
essary thickness has been applied. So as not to damage the
underlying work table and in order to provide this layer with
sufficient quality, this layer is thicker than other layers
applied, fusing through of this first layer then being avoided.
The work table is subsequently lowered in connection with a
new powder layer being distributed for forming a new cross
section of the three-dimensional product. In one embodiment
of the invention, the work table is to this end supported by a
stand 9 which comprises at least one ball screw 10, provided
with toothing 11. A step motor or servomotor 12 provided
with a gearwheel 13 sets the work table 2 to the desired
vertical position. Other arrangements known to the expert for
setting the working height of a work table can also be used.
Adjusting screws, for example, can be used instead of racks.
[0042] The means 28 is arranged so as to interact with said
powder dispensers for replenishment of material. Further-
more, the sweep of the means 28 over the working surface is
driven in a known manner by a servomotor (not shown) which
moves the means 28 along a guide rail 29 which runs along the
powder bed.

[0043] When a new powder layer is applied, the thickness
of'the powder layer will be determined by how much the work
table has been lowered in relation to the previous layer. This
means that the layer thickness can be varied according to
requirements. It is therefore possible, when a cross section
has a great change in shape between adjacent layers, to make
thinner layers, a higher surface fineness then being achieved,
and, when there is little or no change in shape, to make layers
with maximum penetration thickness for the beam.
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[0044] In a preferred embodiment of the invention, the
radiation gun 6 consists of an electron gun, the means 7 for
guiding the beam of the radiation gun consisting of deflecting
coils 7". The deflecting coil 7" generates a magnetic field
which guides the beam produced by the electron gun, it then
being possible for fusion of the surface layer of the powder
bed in the desired location to be brought about. The radiation
gun also comprises a high-voltage circuit 20 which is
intended to provide the radiation gun in a known manner with
anacceleration voltage for an emitter electrode 21 arranged in
the radiation gun. The emitter electrode is in a known manner
connected to a current source 22 which is used to heat the
emitter electrode 21, electrons then being released. The func-
tioning and composition of the radiation gun are well-known
to an expert in the field.

[0045] The deflecting coil is controlled by the control com-
puter 8 according to an operating scheme laid out for each
layer to be fused together, it then being possible to guide the
beam according to a desired operating scheme.

[0046] Also present is at least one focusing coil 7' which is
arranged so as to focus the beam on the surface of the powder
bed on the work table.

[0047] Deflecting coils 7" and focusing coils 7' can be
arranged according to a number of alternatives well known to
the expert.

[0048] The arrangement is enclosed in a casing 15 which
encloses the radiation gun 6 and the powder bed 2. The casing
15 comprises a first chamber 23 which surrounds the powder
bed and a second chamber 24 which surrounds the radiation
gun 6. The first chamber 23 and the second chamber 24
communicate with one another via a passage 25 which allows
emitted electrons, which have been accelerated in the high-
voltage field in the second chamber, to continue into the first
chamber, subsequently to strike the powder bed on the work
table 2.

[0049] Ina preferred embodiment, the first chamber is con-
nected to a vacuum pump 26 which lowers the pressure in the
first chamber 23 to a pressure of preferably roughly 1073-107>
mbar. The second chamber 24 is preferably connected to a
vacuum pump 27 which lowers the pressure in the second
chamber 24 to a pressure of roughly 10~*-10~° mbar. In an
alternative embodiment, both the first and second chambers
can be connected to the same vacuum pump.

[0050] The control computer 8 is furthermore preferably
connected to the radiation gun 6 for regulating the output of
the radiation gun and also connected to the step motor 12 for
adjusting the vertical position of the work table 2 between
consecutive applications of powder layers, it then being pos-
sible to vary the individual thickness of the powder layers.
[0051] The control computer is also connected to said
means 28 for powder distribution on the working surface.
This means is arranged so as to sweep over the working
surface, a layer of powder being distributed. The means 28 is
driven by a servomotor (not shown) which is controlled by
said control computer 8. The control computer controls the
sweep along and ensures that powder is replenished as
required. For this reason, load sensors can be arranged in the
means 28, the control computer then being able to obtain
information about the means being empty or having become
stuck.

[0052] According to the invention, the control computer 8
is also arranged so as to calculate an energy balance for at
least one selected area within each powder layer, it being
determined in the calculation whether energy radiated into
the part area from the surroundings of the part area is suffi-
cient to maintain a defined working temperature of the part
area.
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[0053] According to a preferred embodiment of the inven-
tion, the control computer is also arranged so as to calculate
an energy balance for at least the selected area to be fused
together within each powder layer, it being determined in the
calculation whether energy radiated into the selected area
from the surroundings of the selected area is sufficient to
maintain a defined working temperature of the selected area.

[0054] The purpose of calculating the energy balance for

the powder layers is to calculate the power required in order to

keep the surface of the object at a given temperature. The
power is assumed to be constant over the entire surface.

[0055] How the energy balance calculation is performed in

an embodiment of the invention where the calculation is

performed for one layer at a time is described below.

[0056] Inorder foritto be possible to calculate the power in

real time, simplifications are necessary:

[0057] 1. Weimagine that the temperature is constant in the
x and y directions and that it varies only in the z direction,
in other words the entire surface has the same temperature.

[0058] 2. The temperature in the z direction varies with jLt,
where j is the layer number and Lt is the layer thickness.

[0059] 3. The temperature distribution during fusion is
assumed to be stationary.

[0060] The following parameters have an effect on the cal-

culation:

Various Indexes:

[0061] i=index for the top layer
j=layer index goes from 1 to i

Object Data:

[0062] Lt=layer thickness to be fused [m]
Lcont(j)=contour length for layer j|m]
Apowt(z)=Apow(j)=area facing the powder for layer j|m]
A(z)=A(j) total surface area fused for layer j[m?]

Material Properties:

[0063] A,
[0064] ©
[W/m?K]
O ,0rpow-Tadiation constant for metal surface covered with
powder [W/m?K]

O, ~Tradiation constant for the powder surface [W/m?K]
Ao ~thermal conductivity of the powder [W/mK]
h,,..(z)=heat transfer coefficient from the object out to the
powder [W/m?K]

~thermal conductivity of the material [W/mK]
=radiation constant for the metal surface

met

Temperatures [K]:

[0065] Tsur(i)=temperature of the surroundings affecting
the surface when layer i is fused (can be measured on the
heating shield)

Tpow(z)=temperature in the powder

T(z)=temperature in the object

Tsurf(i)=T(iLt)=desired temperature on the surface of the
object when layer i is fused. (Is set in AMA)
Thott(i)=temperature at the bottom of the object before layer
iis started (Is measured just before raking or is calculated. See
below.)

[0066] Inorderto determine how the temperature is distrib-
uted in the object, we solve the one-dimensional stationary
thermal conductivity equation including a source term which
takes account of heat losses out into the powder:
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FT@)  hpon(2)Apow(z)
—Amer a2 AL

(Tpow(z) - T(z))

[0067] The boundary conditions on the surface and at the
bottom are:

0T(z) (Omer + Tpow) . 4 4 Pi,
At . = (T(iLe)" — Tsur(i)*) — AGLD
0T(z) .
= Amer——| = hpow(Thott(i) = T(0))
az =0

[0068] Where A and B are two constants.
[0069] Rewrite the formulas as differential formulas

instead and let j be indexed for each layer.

T(j+2)—
G+ V4T _ ol PRty
ey = = T (Tpow() = ()
A o O ) 1y P
= T = T~ 1) = =T = Tourp) - 25

Ainer .
= 7 (T2 = T() = hpow(Tbort(i) = T(1)

where
157=i-2
[0070] Theboundary condition on the surface actually pro-

vides us with nothing new as far as the temperature distribu-
tion in the object is concerned as the temperature of the
surface is determined by T(i). But it is required in order to
determine Pin which is the power necessary in order to keep
the temperature on the surface at T(i). T(j) is now obtained
from the following equation system:

Bpow( YAPOW()LE
A(DAmer
T+ =270+ D+ T(HI + A(D) = A()Tpow())

pow(1DLE [ Apey
(L + hpor(1)L1 | Aer)

A =-

T(1) = Thou(i)

O o (DL )

[0071] Insert the expression pressure for T(1) and formu-
late the problem as a linear equation system:

(+Ad) 1
U+ Ppor(DLE/ Aer) —
Bpow(DLE] Aper
(L 4+ Apoe(DLE Aer)

T(3)=2T(2) + T(2)

A()Tpow(1) — Thott(i) (1 +A(D).

T(4) = 27(3) + TQ2)(1 + AQ2)) = A2)Tpow(2). 2
“2T(i = 1)+ T(i = 2)(1 + A(i — 2)) = A(i = 2)Tpow(i — 2) — T(0). 2
[0072] In matrix form this becomes:

Ax=b
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where then:

Aj =0(j+1-k)=26(j—k)+

8= 1= KL+ A +8(1 - o(l — j)—LFAD
(j—1-k)1+ (J))"'(—)(—J)m

X1 = T(Z), e X2 = T(i— 1)
bi = A(HTpow(j) -

pow(DL1 [ Ay

8(j— 1)Tbotf(i)m

(1+A)-6(j—i+2)T(0)

[0073] In order for it to be possible to solve the equations,
it is necessary that the temperature of the powder, Tpow(j),
and the heat transfer coefficient, h,,,(j), are known. In the
program, Tpow(z) is set to:

Tpow(H=AT(G); (+BTsur(i-1)

i-1 means that the temperature for the previous layer is used
in order to determine Tpow(j).

[0074] The function used for b, (j) is depicted in FIG. 25.

[0075] The values L1 and .2 have been assumed to be
area-independent while hconstl, hconst2 and hconst3 are
assumed to depend on A(j). All the constants in the expres-
sions for both Tpow and hpow have been produced by adapt-
ing the 1D model above to 3D FEM calculations on objects
with simple geometries.

[0076] Included in the expression for the source term is
Apow(j) which is actually the total area facing the powder for
each layer. In the case of large area transitions, this value may
be very great, which means that the value of the source term
jumps. Such discrete jumps make the solution unstable. In
order to prevent this, according to a preferred embodiment,
Apow(j) is setto Leont(j)*Lt. Power losses which arise owing
to an area transition are instead added afterwards. The size of
the power loss depends on how large over the respective
underlying area the area transition is and how far below the
top layer it is located. The values for different area transitions
and different depths have been produced by 3D FEM simu-
lations. For an arbitrary area transition, the additional power
is obtained by interpolation.

[0077] Before the power is calculated, the program reads
the various values for Leont(j)*Lt and A(j) for each layer.
With the aid of a script file, these can be influenced in various
ways. In this way, it is possible to control the power for each
layer. How the various geometry parameters are influenced
emerges from the description of how the script file functions.
[0078] When the equation system above is solved, the total
power required in order to keep the surface at Tsurf(i) is
obtained from the boundary condition for the surface:

Aoet (Timer + T pow)

Py = A(i)(T(T(i) —Ti-1)+ (T - Tsur(i)4)]

[0079] When a layer is fused, use is made of different
current and speed over the surface. In order for it to be pos-
sible to calculate the different currents required, the mean
value of all powers used is set equal to Pin.
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[0080]
then:

If a layer is to be fused using n, different currents,

k=ny
Z Tt Tig
=

Teor

P, =alU

Vik

k=n;

Tior = Z ik
k=1

Where t,, is the fusion time for each current I,

1,; 1s the fusion length

v, 1s the fusion speed

T,,, is the total fusion time for the layer i

U is the acceleration voltage.

[0081] Inorder foritto bepossible to calculate the currents,
the speeds must therefore be known. These are obtained from
what are known as speed functions which indicate the rela-
tionship between current and speed. As these functions are
not analytical, an iterative procedure must be used in order to
determine all the currents and speeds. In the calculation pro-
gram, each starting value of I, is guessed. The various speeds
are then obtained. The values of the currents are then
increased until the mean value of the power just exceeds the
calculated value of Pin.

[0082] Assume now that we want to fuse the various part
areas at such a speed and current that the energy which is
delivered to the material is less than that required in order to
keep the surface at Tsurf(i). The surface must then be heated.
The number of times required in order to heat the surface is
obtained by adding a heating term in the expression for the
mean value of the power:

eat pheat
naV lf’ I;
V‘hm'

P‘fzear —

and adding the heating time in the expression for the time T, ,:

n l‘hear

T{zear —

V‘hear

where n indicates how many times the surface has to be
heated.

[0083] The calculation routine shown above can be used for
the entire powder layer. In an alternative embodiment, calcu-
lation can be carried out for various part areas of the powder
layer. The equations indicated above can be used in this case
as well. However, different boundary conditions are obtained
for the inner edges which lie close to a fused body.

[0084] FIG. 2 shows a side view of a fused-together body
30 which is built up by fusing together part areas 31-34 in
consecutive powder layers i-1, i-2, i-3, i-4.

[0085] A real body manufactured according to the inven-
tion can of course have many more layers than indicated in
this example.

[0086] A top powder layer i is distributed on the body.
Located within this top powder layer is a selected area 35. The
selected area 35 consists of the area which, according to an
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operating scheme, is to be fused together. The selected area 35
within the layer i is delimited by an outer edge 36. It is of
course conceivable for a selected area to comprise both outer
and inner edges. Within the selected area 35, a part area 37 is
shown, for which an energy balance is to be calculated. The
part area 37 can consist of a part of the selected area as shown
in FIG. 2 or alternatively can consist of the entire selected
area. The selected area 35 is preferably divided into a plurality
of smaller part areas as shown in FIG. 6.

[0087] The energy balance is calculated in principle
according to E™(i)=E°“(i)+E"**'(i), where E™(i) represents
energy fed into the part area, E°* (i) represents energy losses
through dissipation and radiation from the part area, and
E"“(i) represents stored in the part area. The energy fed in
consists of on the one hand energy E” ) which has been
radiated in or has flowed in via thermal conduction from the
surroundings of the part area 35 for which the energy balance
is calculated and on the other hand of energy E™ ¢ which has
been radiated in from the radiation gun 6. If the energy bal-
ance is calculated before energy has been supplied to the part
area 35, B ) therefore=0. According to a preferred embodi-
ment of the invention, at least a first energy balance calcula-
tion is performed for the part area 35 before energy has been
supplied via the radiation gun 6.

[0088] FIG. 3 shows diagrammatically a model on which
the calculation of the energy balance for the part area A, is
based. In this case, the partarea A, corresponds to a part of the
selected area of the powder layer i. In this case, the equation
for calculation of the energy balance has the appearance E”
(A)=E°“ (A)+E"**(A,), where E™(A,) represents energy
fed into the part area, E°“(A)) represents energy losses
through dissipation and radiation from the part area A; and
E"“(A, ) represents stored in the part area A . The energy fed
in consists of on the one hand energy E™ @ (A,) which has
been radiated in or has flowed in via thermal conduction from
the surroundings of the part area A, and on the other hand of
energy E” ) A which has been radiated in from the radiation
gun 6.

[0089] FIG. 4 shows diagrammatically a model on which
the calculation of the energy balance for a second part area A,
within the selected area 35 in the layer i is based. In this case,
the partarea A, corresponds to a part of the selected area 35 of
the powder layer i which has not yet been fused together and
which is adjacent to a first part area A, within the powder layer
i, where radiation or thermal conduction takes place from said
first to said second part area. In this case, the equation for
calculation of the energy balance has the appearance E”
(A,)=E°“ (A,)+E"*(A,), where E™ (A,) represents energy
fed into the part area, E°” (A,) represents energy losses
through dissipation and radiation from the part area A; and
E"¢4(A,) represents stored in the part area A,. The energy fed
in consists of on the one hand energy E” @ (A,) which has
been radiated in or has flowed in via thermal conduction from
the surroundings of the part area A, and on the other hand of
energy E” ) A, which has been radiated in from the radiation
gun 6. The energy E” 9 (A,) su]gplied via thermal conduction
comprises the component E”* ¢ (A, i-1) which corresponds
to energy supplied from the previous layer and also E°“ (A,
A,) which corresponds to energy which has been dissipated or
radiated from the first part area A, and supplied to the second
part area A,.

[0090] FIG. 5 shows the movement of two focal points 201,
202 within the selected area 203. The selected area 203 there-
fore comprises two fusion zones 204, 205 which propagate
simultaneously when formation of a cross section of the
three-dimensional body takes place. The propagation of the
fusion zones 204, 205 is shown diagrammatically by the
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movement of the front lines 206, 207 of the fusion zones. The
figure shows the state of the selected area on six occasions. On
afirst occasion, the radiation gun 6 delivers energy to the focal
point I, the front line I being formed. On a subsequent occa-
sion, the focal point of the radiation gun has been moved to
the focal point II, the front line II being formed. In the next
stage, the focal point I is moved to the focal point 111, that is to
say by an increment A. During the same time, the front line I
has been moved by an increment 9 to the front line III. In a
preferred embodiment of the invention, the increment 8 is the
same as the increment A. In the next step, the focal point Il is
moved to the focal point IV, the front line II being moved to
the front line IV. In another subsequent stage, the focal point
IIT is moved to the focal point V, and the front line III to the
front line V. Shown finally is how the focal point IV is moved
to the focal point VI while the front line IV moves to the front
line VI.

[0091] As shown in FIG. 5, the movement between three
focal points does not have to be rectilinear but can be con-
trolled so as to adapt so that the front lines fill the selected area
in the most rapid way possible.

[0092] Inorderto adapt the speed of the propagation of the
focal point to the propagation speed of the fusion zones, that
is to say the fusion zone wave propagation speed, the wave
propagation speed is, according to one embodiment of the
invention, estimated from information provided by means for
sensing the temperature distribution of a surface layer located
in the powder bed. This means can consist of a heat camera
which can measure the position of the front line of the fusion
zone on two consecutive occasions, in which way the speed
can be calculated.

[0093] Inanalternative embodiment, the wave propagation
speed is estimated by calculating an energy balance for an
area comprising said focal points, said wave propagation
speed being obtained from a model of a thermal conductivity
equation set up for said area.

[0094] According to a first embodiment of the invention,
the operating scheme stored in the control computer is
arranged in such a way that said number of focal points are
spread out over the entire selected area corresponding to the
entire cross section of the three-dimensional body under for-
mation. According to an alternative embodiment, several
focal points are used within the part areas as described below.

[0095] FIG. 6 shows a selected area 35 which is divided into
a plurality of smaller part areas. According to a preferred
embodiment of the invention, the surface within each powder
layer is divided into a set of separate areas 38-53 which each
comprise some part of the selected area 35, an energy balance
being calculated for each of said set of separate areas 38-53.
The selected area is delimited by an outer edge 72. The
selected area can of course also comprise inner edges.

[0096] According to another preferred embodiment of the
invention, said set of separate areas 38-53 comprises a first
group of areas 54-58 which lie entirely within the edge 72 of
said selected area and a second group of areas 38-53 of which
the edges coincide in part with the edge of said selected area.
Where appropriate, each of the areas 38-53 included in said
second group is divided into a second set of smaller areas
384-38d, 53a-53d.

[0097] FIG. 7 shows diagrammatically the operating
scheme according to a preferred embodiment of the invention
where each area 80-91 within said first and second group of
areas consists of an inner area [ and an edge R where the inner
area | of a set of adjacent areas within said first or second
group of areas is fused together in a first process step, after
which said edges R between said areas are fused together. By
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means of this procedure, the occurrence of bending stresses in
the three-dimensional body after cooling is reduced.

[0098] According to a preferred embodiment of the inven-
tion, the operating scheme is designed in such a way that the
area to be fused together, that is to say the selected area, is
divided into one or more inner areas I, each having an edge R.
FIG. 8 shows diagrammatically an area 35 to be fused
together. The area comprises an inner area I which is delim-
ited by an edge R. According to the invention, the inner area
1 is fused together using a movement pattern for the focal
point of the beam of the radiation gun which comprises a main
movement direction and an interference term which is added
to said main movement direction and has a component in a
direction at right angles to the main movement direction. The
interference term changes direction and has a time mean
value corresponding to zero drift from the main movement
direction. FIG. 9 shows three different examples of different
appearances of the interference term which give rise to a
movement in the form of a triangular wave, a sinusoidal curve
and a square wave.

[0099] FIG. 10 shows diagrammatically how the heat dis-
tribution appears in a body where the focal point with the
diameter D of a radiation gun has heated the body. The tem-
perature distribution around the focal point has the shape of a
Gaussian bell. The temperature distribution around a focal
point without interference term is shown by the curve marked
(o). By means of the interference term, the trace treated in the
course of propagation of the beam along the main movement
direction is widened. A widened trace is shown by the curve
indicated by (). The widened trace also has a temperature
distribution with a lower maximum value. This reduces the
risk of the appearance of overheating with the formation of
irregularities as a consequence.

[0100] The interference term is preferably of such a nature
that a fusion zone is formed which has a width essentially
corresponding to twice the amplitude of the component of the
interference term in a direction at right angles to the main
movement direction. The average speed of the absolute value
of the movement of the focal point in the direction of the
interference term is preferably to exceed the speed of the heat
propagation in the material. The speed in the main movement
direction preferably corresponds to the speed of the heat
propagation in the material. The amplitude and the frequency
of'the interference term are preferably to be adapted in such a
way that the focal point is able to move from its starting
position where the interference term has the value zero, pass
through the minimum and the maximum value of the inter-
ference term and return to its position in the time it takes the
wave front of the heat propagation to move from the first zero
position to the second zero position. This is shown diagram-
matically in FIG. 5. FIG. 11 shows how the focal point moves
along the curve 50 from a first position 51, past a maximum 52
of the interference term, a minimum 53 of the interference
term and then takes up a second position 54 with a zero value
of the interference term. During this time, the wave front of
the heat propagation has been propagated from the first posi-
tion 51 to the second position. If the average speed of the
interference term is too low, a curved fused trace which runs
within the path defined by the end points of the interference
term is formed instead of a wide trace.

[0101] According to a preferred embodiment, the interfer-
ence term also has a component in a direction parallel to the
main movement direction. The interference term is in this
case two-dimensional. Examples of interference terms with a
two-dimensional direction are given in FI1G. 12.
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[0102] TheedgeR ispreferably fused together in the course
of'a mainly rectilinear movement of the beam of the radiation
gun.

[0103] The purpose of operating with a movement pattern
for the focal point of the beam of the radiation gun which
comprises a main movement direction and an interference
term added to said main movement direction which has a
component in a direction at right angles to the main move-
ment direction is that, with a wider trace, it is possible to move
the fusion zone more slowly but still fuse at a relatively high
speed compared with conventional operation. Slow move-
ment of the fusion zone produces less vaporization and a
reduced incidence of fused material boiling and splashing.
The purpose of the edge being fused together using a continu-
ous mainly rectilinear movement is that this produces a
smooth surface structure for the finished product.

[0104] An analysis of the movement pattern for the beam of
the radiation gun in the case of a preferred embodiment of the
invention with a two-dimensional interference term, which
gives rise to a helix-like movement pattern of the focal point,
follows below.

[0105] The position of a focal point which rotates about the
x axis and moves along the same axis at the speed V, can be
obtained from:

HO)=(V,2+4, cos(01))x+4,, sin(wz)y Equ. 1

where A, and A are the amplitudes in the x and y direction
respectively.

[0106] A typical “spinning curve” can appear like that
shown in FIG. 13.

[0107] The pattern shown in FIG. 7 is obtained if w is set to:
27V, Equ. 2
W=
Ax
[0108] The speed of the focal point is given by:
dr(D ) _ _ Equ. 3
i =(V, — Aywsin(wn)x + A wcos(wn)y
[0109] Its absolute speed is therefore:
6 Equ. 4
“Z([’) = (Vi = Acwsin(@n)? + (4, weos(wn)? 4
[0110] If the focal point moves according to the formulas

above, its speed will vary and either be at a maximum under-
neath the x axis and a minimum above or vice versa depend-
ing on the direction of rotation. In order to obtain a focal point
which moves at constant speed along the spinning curve in
FIG. 1, its average speed is first calculated:

dr@®

T
fodt

Vaverage = T

Equ. 5

dt
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Where:
[0111]

[0112] V... is the speed at which the focal point is to
move. At the time t, the focal point has moved the distance:

s=t*V,

average
[0113] This distance must be equal to the spinning curve
length at the time t'. Therefore:

,
5= 13 Vayerage = f
0

[0114] Solving Equ. 6 for 0<t<T gives t' as a function of't.
t'is then used in Equ. 1 which gives the position of the spot as
a function of the time t.

[0115] A number of simulations using different speeds and
Ay has shown that the fusion zone 0.1-0.15 mm below the
surface has an approximate width of 1.8 Ay. The hop between
two spin lines should then be:

dr(D Equ. 6

d
dl‘[

Hop spin=1.84y-0.3

[0116]
mately:

The distance to the start from an edge is approxi-

Starting hop=0.84y-0.15

[0117] FIG. 14 shows a continuous wide fused edge which
propagates in the direction x marked by an arrow in the
diagram. The focal points with a diameter D are marked in the
diagram. The overlapping pattern ensures that fusing together
takes place within an area outside the focal point. Such an area
is illustrated and marked by the symbol 3. Together, these
areas form an overall area which propagates in the direction
marked by the arrow x.

[0118] According to a further preferred embodiment of the
invention, the edges R between the inner areas I are fused
together in the course of a mainly rectilinear movement of the
beam of the radiation gun.

[0119] According to FIG. 15, the arrangement also com-
prises, according to a preferred embodiment of the invention,
means 14 for sensing surface properties of a surface layer
located in the powder bed. This means 14 for sensing the
temperature distribution of a surface layer located in a powder
bed 5 preferably consists of a camera. In a preferred embodi-
ment of the invention, the camera is used on the one hand to
measure the temperature distribution on the surface layer and
on the other hand to measure the occurrence of surface irregu-
larities by means of the shadow formation to which surface
irregularities give rise. On the one hand, information about
the temperature distribution is used to bring about as uniform
a temperature distribution as possible over those parts of the
surface layer which are to be fused and, on the other hand,
information can be used in order to check for any dimensional
deviations between generated three-dimensional product and
original design as the temperature distribution reflects the
shape of the product. In a preferred embodiment of the inven-
tion, the video camera is mounted on the outside of the casing
15 which encloses the powder bed 5 and the radiation gun 6.
In order to make temperature measurement possible, the cas-
ing is provided with a transparent window 16. The powder
bed 5 is visible for the camera through this window.
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[0120] Ina preferred embodiment ofthe invention, whichis
shown in FIG. 16, the window 16 is covered by a protective
film 17. The protective film is fed from a feed-out unit 18 to a
collecting unit 19, the film being gradually replaced, which
means that the transparency can be maintained. The protec-
tive film is necessary as coatings form as a consequence of the
fusion process.

[0121] FIG. 17 shows diagrammatically a method of pro-
ducing three-dimensional bodies according to the invention.
The three-dimensional body is formed by successive fusing
together of selected areas of a powder bed, which parts cor-
respond to successive cross sections of the three-dimensional
body.

[0122] In a first method step 100, application of a powder
layer to a work table takes place. Application is effected by
the means 28 mentioned above distributing a thin layer of
powder on the work table 2.

[0123] In a second method step 110, energy is supplied
from a radiation gun 6, according to an operating scheme
determined for the powder layer, to a selected area within the
powder layer, fusing together of the area of the powder layer
selected according to said operating scheme then taking place
to form a cross section of said three-dimensional body. A
three-dimensional body is formed by successive fusing
together of successively formed cross sections from succes-
sively applied powder layers.

[0124] According to the invention, said operating scheme is
designed in such a way that the selected area has two or more
fusion zones which propagate simultaneously through the
selected area when formation of a cross section of the three-
dimensional body takes place.

[0125] The two or more fusion zones are brought about by
the radiation gun supplying energy to two or more geometri-
cally separate focal points while time sampling takes place.
[0126] Theoperating scheme is preferably designed in such
a way that the focal points of the radiation gun at the fusion
points propagate at a speed which corresponds to the wave
propagation speed of the fusion zone.

[0127] According to one embodiment of the invention, the
wave propagation speed is estimated by measuring the wave
propagation speed of the fusion zone from information pro-
vided by means for sensing the temperature distribution of a
surface layer located in the powder bed. By reading the tem-
perature distribution over the surface of the body, this means
can record how the heat spreads from the fusion points and
outward. The speed at which the heat spreads corresponds to
the wave propagation speed.

[0128] According to a preferred embodiment, an energy
balance is calculated in a third method step 120 for at least one
part area within each powder layer, it being determined in the
calculation whether energy radiated into the part area from
the surroundings of the part area is sufficient to maintain a
defined working temperature of the part area. Calculation is
performed according to the models indicated above.

[0129] FIG. 18 shows diagrammatically the procedure for
generating primary operating schemes. In a first step 40, a 3D
model is generated, in a CAD program for example, of the
product to be manufactured, or alternatively a ready-gener-
ated 3D model of the product to be manufactured is input into
the control computer 8. Then, in a second step 41, a matrix
containing information about the appearance of cross sec-
tions of the product is generated. FIG. 23 shows a model of a
hammer with examples of associated cross sections 31-33.
These cross sections are also shown in FIG. 24a-24c. The
cross sections are distributed with a density corresponding to
the thickness of the various layers to be fused together in
order to form the finished product. The thickness can advan-
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tageously be varied between the various layers. It is inter alia
advantageous to make the layers thinner in areas where there
is great variation in the appearance of the cross sections
between adjacent layers. When the cross sections are gener-
ated, a matrix containing information about the appearance of
all the cross sections which together make up the three-di-
mensional product is therefore created.

[0130] Once the cross sections have been generated, a pri-
mary operating scheme is generated for each cross section in
a third step 42. Generation of primary operating schemes is
based on shape recognition of the parts which make up a cross
section on the one hand and knowledge of how the operating
scheme affects the cooling temperature of local parts of a
cross section on the other hand. The aim is to create an
operating scheme which allows the cooling temperature to be
as uniform as possible in the parts which are fused together
before the next layer is applied at the same time as the cooling
temperature is to be kept within a desired range in order to
reduce the risk of shrinkage stresses appearing in the product
and to reduce the magnitude of shrinkage stresses which have
arisen in the product, with deformation of the product as a
consequence.

[0131] In the first place, a primary operating scheme is
generated on the basis of the shape of separate component
parts of the cross section.

[0132] Inapreferred embodiment ofthe invention, primary
operating schemes are therefore laid out on the basis of expe-
rience of which operating schemes provide a good tempera-
ture distribution of the cooling temperature of the cross sec-
tion, it then being possible for the risk of shrinkage stresses in
the product with deformation of the product as a consequence
to bereduced. To this end, a set of operating schemes for areas
of different shapes is stored in a memory. In a preferred
embodiment, this memory is updated as results of corrections
of'the operating scheme are evaluated, a self-learning system
being obtained.

[0133] In an alternative embodiment of the invention,
ready-finished cross sections, which have been generated by
astand-alone computer, are input into a memory in the control
computer, where said primary operating schemes are gener-
ated. In this case, information is provided directly to the third
step 42 via an external source 40a.

[0134] FIG. 19 shows diagrammatically a procedure for
generating a three-dimensional body, which uses the method
described in connection with FIG. 17. In a first method step
130, parameters on which an energy balance calculation is
based are determined. In a second method step 140, calcula-
tion of the energy balance for at least one part area of the
selected area 35 takes place. Calculation is performed accord-
ing to the method illustrated previously.

[0135] In a third method step 150, the operating scheme is
updated depending on the calculated energy balance. If the
result of the energy balance is that sufficient heat energy is
stored in the part area to maintain a desired working tempera-
ture, no extra energy supply takes place. According to one
embodiment of the invention, if the result of the energy bal-
ance is that sufficient heat energy to maintain a desired work-
ing temperature is not stored in the part area, an extra energy
supply takes place in the form of preheating of the part area
before fusing together takes place. This preheating can be
effected by the radiation gun being swept very rapidly over
the area or the radiation gun sweeping over the area with
lower power than normal, or alternatively a combination of
both of these. The preheating takes place in a fourth method
step 160.

[0136] Inafifth method step 170, fusing together is effected
by the radiation gun sweeping over the part area.
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[0137] FIG. 20 shows diagrammatically an embodiment of
the invention which, where appropriate, utilizes the methods
described above for generating and correcting the operating
schemes. In a first method step 180, one or more of the inner
areas I of the selected area are identified. In a second method
step 190, the edge or edges R which are associated with said
inner areas and each surround said inner areas are identified.
In a third method step 200, said inner areas I are fused
together in the course of a partly overlapping circular move-
ment of the beam emitted by the radiation gun. During a
fourth method step 210, said edges are fused together in the
course of a rectilinear movement of the beam.

[0138] According to one embodiment of the invention, the
operating scheme is arranged so as consecutively to fuse
together the powder within one area at a time within said inner
areas.

[0139] According to a preferred embodiment of the inven-
tion, the control computer is arranged so as to divide the
surface within each powder layer into a set of separate areas,
said set of separate areas comprising a first group of areas
which lie entirely within said selected area and a second
group of areas which lie partly within said selected area,
where each area within said first and second group of areas
consists of an inner area with an edge. The control computer
is also arranged so as to ensure that said inner areas of a set of
areas within said first group of areas are fused together in the
course of a partly overlapping circular movement of the beam
of the radiation gun.

[0140] In one embodiment of the invention, the fusing
together of the inner areas in said second group of areas takes
place with a partly overlapping circular movement. In an
alternative embodiment of the invention, the fusing together
within the inner areas in said second group of areas takes
place with a mainly rectilinear movement.

[0141] According to a preferred embodiment of the inven-
tion, in the case of the embodiments described above relating
to division of the selected surface into smaller part surfaces,
the calculation of energy balance described above is used in
order to control the operating scheme with regard to calibra-
tion of the power of the beam and supply of energy for heating
the powder bed before final fusing together takes place.

[0142] FIG. 21 shows diagrammatically a procedure where
the beam from the radiation gun is guided over the powder
bed in order to generate a cross section of a product. In a first
step 50, guidance of the beam over the powder bed according
to the primary operating scheme defined in step 42 is started.
Inthe next step 51, the temperature distribution on the surface
layer of the powder bed is measured by the camera. From the
measured temperature distribution, a temperature distribu-
tion matrixX, T, ..o 15 then generated, in which the tem-
perature of small part areas of the surface layer of the powder
bed is stored. When the matrix is generated, each temperature
value T, ., q.eq 10 the matrix is compared with a desired
value in a desired value matrix T, ;.. s vane- 1he surface
layer of the powder bed can be roughly divided into three
categories. Firstly, areas where fusing together takes place by
treatment by the radiation gun. In these areas, the maximum
fusion temperature T, , .. is of interest. Secondly, areas
which have already been fused together and are thus cooling.
In these areas, a minimum permitted cooling temperature

i-cooting-min 18 OF interest because too cold a cooling tem-
perature gives rise to stresses and thus deformations of the
surface layer. Thirdly, areas which have not been treated by
the radiation gun. In these areas, the bed temperature T, ;. ,is
of interest. It is also possible for the temperature to be com-
pared only in treated areas, T, . ,not then being stored and/or
checked.
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[0143] In a third step 52, it is investigated whether T,
measurea deviates from the desired value T, zq0q vaze and
whether the deviation is greater than permitted limit values.
Limitvalues AT, .., ATy ooprig and AT, . ,associated with
the three different categories are stored in the control com-
puter 8. It is also possible for the bed temperature not to be
checked. In this case, the associated limit value is not stored.
If the deviation between T,; .. osreq A0 Ty esies vatie d0ES
not exceed this limit value, it is investigated in a fourth step 53
whether the surface layer is fully treated. Ifthis is not the case,
operation according to the current operating scheme contin-
ues, method steps 50-53 mentioned above being run through
once again.

[0144] If the deviation between T, ,..c.rer @04 Ty oo
value €Xceeds one of said limit values, correction of the oper-
ating scheme 42 takes place in a fifth step. In a preferred
embodiment, said correction is carried out according to the
system shown in FIG. 17.

[0145] In a preferred embodiment of the invention, a new
powder layer is distributed only after completion of each
layer, the product being built up by successive fusing together
of powder layers until the product is finished. In this case,
after a sixth step 55, a new layer is started, if the product as a
whole is not finished, when it has been established in the
fourth step 53 that the operating scheme for a layer has been
completed.

[0146] In apreferred embodiment, which is shown in FIG.
22, the correction of the operating scheme comprises the
following method steps:
in a first step 56, Tij_ma,C -max-desired value:
T, .. deviates from Ty, .0 zesired vare €XCeding AT, ..,
the energy supply to the powder layer is calibrated in a step
56a by either changing the power of the beam or changing the
sweep speed of the beam.

[0147] In a second step 58, T
Tij—cooling—desired value* If Tij-cooling deviates from Tij—coolin ~de”
sired vaiue €xceeding AT, ..., the operating scheme of the
beam is changed in a step 58a. There are many ways of
changing the operating scheme of a beam. One way of chang-
ing the operating scheme is to allow the beam to reheat areas
before they have cooled too much. The radiation gun can then
sweep over areas already fused together with a lower energy
intensity and/or at a higher sweep speed.

[0148] In a third step 60, it is investigated whether T, ;.
deviates from T, ;. sesired vaner 1L the deviation is greater
than AT, ., the temperature of the bed can, in one embodi-
ment of the invention, be corrected in a step 60a, for example
by the beam being made to sweep over the bed to supply
energy. It is also possible to connect separate bed-heating
equipment to the arrangement.

[0149] Itisalso possible for a size check of the article being
manufactured to be carried out by the heat camera installed in
the arrangement. As described above, the bed and the parts
which have been fused together are measured. The measured
heat distribution reflects fully the shape of the object in a
section of the three-dimensional body to be created. A check
of'the dimensions of the article can in this way be carried out
in a fourth step 62, and feedback of X-Y deflection of the
beam of the radiation gun is thus possible. In a preferred
embodiment of the invention, this check of the deviation
between dimensions of the cross section is carried out in a
step 62a and, if the deviation is greater than permitted, the
X-Y deflection of the radiation gun is corrected.

[0150] Moreover, input signals from the camera can be
used for identifying the occurrence of surface irregularities,
for example in the form of a welding spark. When the coor-
dinates of a surface irregularity have been identified, the

is compared with T

y-cooting 15 compared with



US 2010/0305743 Al

operating scheme can be updated so that the radiation gun is
ordered to the identified coordinate in order to melt down the
surface irregularity.
[0151] The invention is not limited to the illustrative
embodiment described above; the radiation gun can consist
of, for example, a laser, in which case the deflection means
consist of guidable mirrors and/or lenses.
[0152] The invention can furthermore be used in an
arrangement for producing a three-dimensional product by
energy transfer from an energy source to a product raw mate-
rial, which arrangement comprises a work table on which said
three-dimensional product is to be built up, a dispenser which
is arranged so as to distribute a thin layer of product raw
material on the work table for forming a product bed, a means
for delivering energy to selected areas of the surface of the
product bed, a phase transition of the product raw material
being allowed for forming a solid cross section within said
area, and a control computer which manages a memory in
which information about successive cross sections of the
three-dimensional product is stored, which cross sections
build up the three-dimensional product, where the control
computer is intended to control said means for delivering
energy so that energy is supplied to said selected areas, said
three-dimensional product being formed by successive join-
ing together of successively formed cross sections from prod-
uct raw material applied successively by the dispenser.
[0153] Inthis case, the embodiment is not limited to fusing
together powder by a radiation gun irradiating the surface of
a powder bed. The product raw material can consist of any
material which forms a solid body after a phase transition, for
example solidification after fusion or hardening. The energy-
delivering means can consist of an electron gun or a laser
guided over the working surface or alternatively of an energy-
delivering means which can project a cross section directly
onto the product bed.
[0154] The embodiment described above can moreover be
provided with all the features described in relation to the
embodiments described previously.
1. An arrangement for producing a three-dimensional
product, the arrangement comprising:
a work table where said three-dimensional product is built
up,
a powder dispenser which forms a powder bed by distrib-
uting a thin layer of powder on the work table,
a radiation gun that supplies energy to the powder
a beam guide that guides a beam emitted by the radiation
gun such that said beam forms a cross section of said
three-dimensional product by successively fusing
together selected areas of said powder bed, and
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a control computer which

stores information about successive cross sections of the
three-dimensional product, and

controls said beam guide according to an operating
scheme such that the beam guide moves a focal point
of the emitted beam between two or more geometri-
cally separate positions of said selected area, thereby
alternately supplying energy to said separate posi-
tions and creating two or more fusion zones in said
selected area, the fusion zones propagating simulta-
neously through the selected area during formation of
a cross section of said three-dimensional product.

2. The arrangement as claimed in claim 1, where the oper-
ating scheme guides the focal point of the emitted beam at
said fusion zones at a propagation speed which corresponds
to a wave propagation speed of the fusion zone.

3. The arrangement as claimed in claim 2, where the con-
trol computer estimates said wave propagation speed from
information provided by measuring the temperature distribu-
tion of a surface layer of said selected area.

4. The arrangement as claimed in claim 2, where the con-
trol computer estimates said wave propagation speed by cal-
culating an energy balance for an area comprising said geo-
metrically separate positions, said wave propagation speed
being obtained from a model of a thermal conductivity equa-
tion set up for said area.

5. The arrangement as claimed in claim 1, where the con-
trol computer calculates an energy balance for at least one
part area within each powder layer, and determines, in the
calculation, whether energy radiated into the part area is
sufficient to maintain a defined working temperature of the
part area.

6. The arrangement as claimed in claim 5, the control
computer controls said beam guide such that, in addition to
supplying energy for fusing together powder layers, said
radiation gun supplies energy for heating the part area to a
defined working temperature if the result of the energy bal-
ance calculation is that the operating scheme provides insuf-
ficient energy for maintaining the part area at the defined
working temperature.

7. The arrangement as claimed in claim 1, the arrangement
further comprising a surface layer temperature distribution
sensor that senses the temperature distribution of a surface
layer of said selected area.
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